
ATALYST R E S E A R C H  CORPORATION 

/ I  

c 

TEST EVALUATION OF 

FUEL CELL CATALYSTS 

H. J. Goldsmith 
J. R. Moser 
T. Webb 

Q -2 

Report for Period 
May 15, 1967 - August 15, 1967 

. -  
2 N67-  3 8 9 4 3  a 

B 
r 

c 

(CATEQORY) 

Contract NASW - 1577 
National Aeronautics and Space Administration 
NASA Headquarters, Washington, D. C. 20546 

6101 F A L L S  R O A D ,  B A L T I M O R E ,  M A R Y L A N D  2 1 2 0 9  T E L E P M O N E  5 7 7 - 7 1 0 0  
I 



w 

4 

TABLE OF CONTENTS 

Summary . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

In t roduc t ion  . . . . . . . . . . . . . . . . . . . . . . . .  2 

Treatment of C a t a l y s t s  . . . . . . . . . . . . . . . . . . .  2 

Resu l t s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

Discuss ion  . . . . . . . . . . . . . . . . . . . . . . . . .  3 

Conc l u s  ions . . . . . . . . . . . . . . . . . . . . . . . . .  5 

Recommendations . . . . . . . . . . . . . . . . . . . . . . .  5 

Reference . . . . . . . . . . . . . . . . . . . . . . . . . .  6 



LIST OF TABLES 

I 

I1 

I11 

I V  

V 

VI 

VI1 

VI11 

IX 

X 

XI 

X I  I 

XI11 

x I V  

xv 

xv I 
X V I I  

XVIII 

XIX 

Page 

RC-1 Raney Cobalt  . . . . . . . . . . . . . . . . . . .  7 

RN-2 Raney Nickel . . . . . . . . . . . . . . . . . . .  8 

RAL-6 Raney Alloy 3 N i / l  Ag . . . . . . . . . . . . . .  9 
RAL-8 Raney Alloy 1 Co/l Ag . . . . . . . . . . . . . .  10 

RAL-9 Raney Alloy 3 Co/l Ag . . . . . . . . . . . . . .  11 

RAL-10 Raney Alloy 1 N i / l  Co/l Ag . . . . . . . . . . .  1 2  

RAL-11 Raney Alloy 1 N i f l  Co/l  Au . . . . . . . . . . .  13 

2 7  C Carbide 3 N i / l  Co . . . . . . . . . . . . . . . .  14 

33 C Carbide Co . . . . . . . . . . . . . . . . . . .  15 

35 C Carbide N i  . . . . . . . . . . . . . . . . . . .  16 
43  C Carbide 1 N i / l  Ag . . . . . . . . . . . . . . . .  1 7  

4 6  C Carbide 3 N i / l  Ag . . . . . . . . . . . . . . . .  18 

15 NC N i t roca rb ide  3 N i / l  Co . . . . . . . . . . . . .  19 

23 NC Ni t roca rb ide  N i  . . . . . . . . . . . . . . . . .  20 

28 NC Ni t roca rb ide  1 N i / l  Co . . . . . . . . . . . . .  2 1  

32 NC Ni t roca rb ide  3 N i / l  Ag . . . . . . . . . . . . .  2 2  

Surface  Areas of Corroding Mate r i a l s  . . . . . . . . .  23 

I r o n  C a t a l y s t s  wi th  CO i n  Aceta te  Buffer  . . . . . . .  24 

E f f e c t  of Crushing Some I r o n  C a t a l y s t s  . . . . . . . .  25 



LIST OF FIGURES 

Page 

1 . E vs  i f o r  EUL-10 . . . . . . . . . . . . . . . . . . . .  26 

2 . E v s i f o r 3 2 N C  . . . . . . . . . . . . . . . . . . . .  27 

3 . E v s i f o r l O C  . . . . . . . . . . . . . . . . . . . . .  2 8  

4 . E v s i f o r 2 3 C  . . . . . . . . . . . . . . . . . . . . .  29 



. 
1 

SUMMARY 

The o b j e c t i v e  of t h i s  work is t o  t es t  materials prepared by 

the  P i t t sbu rgh  Coal Research Center f o r  NASA as anodic c a t a l y s t s  

f o r  ammonia i n  30% KOH and carbon monoxide i n  2 N H SO and pH 3 

a c e t a t e  bu f fe r  f u e l - c e l l  e l e c t r o l y t e s .  

- 2 4  

Corrosion p o t e n t i a l s  of each material were run  i n  these  

t h r e e  e l e c t r o l y t e s .  Surface a reas  were determined by double 

l a y e r  capac i tance .  Current  versus  vo l t age  measurements a t  25OC 

showed t h a t  two n icke l - s i lve r  conta in ing  materials (RAL-10 and 

32 NC) had u t i l i z a t i o n s  (ma/gm) wi th  carbon monoxide i n  a c e t a t e  

e l e c t r o l y t e  twice t h a t  of platinum i n  the  same e l e c t r o l y t e .  

However, they were only about 5% as a c t i v e  as platinum was i n  

2 N H2S04. 

h a l f - c e l l  p o t e n t i a l s  versus  DHE a l s o  increased .  

Unfortunately,  as the exchange c u r r e n t s  increased  t h e  - 

Three i r o n  ma te r i a l s  gave good p o t e n t i a l s  and h igh  c u r r e n t  

d e n s i t i e s  f o r  CO. Crushing them increased  t h e  s u r f a c e  a r e a s  be- 

tween 16 and 500 times although the  u t i l i z a t i o n s  were no more 

than  doubled. This  i s  a t t r i b u t e d  t o  e l e c t r o d e  f looding .  

S i x  of t h e  b e s t  c a t a l y s t s  f o r  ammonia were found t o  be s t a b l e  

i n  KOH, bu t  d i sso lved  spontaneously upon a d d i t i o n  of ammonia. Of 

those  remaining, the  b e s t  one (27 C)  was only about 1-1/2% as 

a c t i v e  as plat inum i n  KOH. 

This  work is  being c a r r i e d  out  f o r  the  Nat ional  Aeronautics 

and Space Adminis t ra t ion wi th  Mr. E .  M. Cohn as t echn ica l  Monitor. 
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P r i n c i p a l  i n v e s t i g a t o r s  are M r .  T .  Webb and Mr. J. R.  Moser. 

INTRODUCT I CN 

The second group c o n s i s t i n g  of twenty-two n i c k e l  and c o b a l t  

materials have been t e s t e d .  Included were Raney c o b a l t  and Raney 

n i c k e l ,  f i v e  Raney a l l o y s ,  e i g h t  ca rb ides  and seven n i t r o c a r b i d e s .  

Tests f o r  anodic a c t i v i t y  were conducted a t  25OC wi th  ammonia i n  

30% KOH and carbon monoxide i n  pH 3 a c e t a t e  bu f fe r  and 2 N H2S04. 

Nine i r o n  materials were found t o  be  s t a b l e  i n  acetate b u f f e r .  

Th i s  e l e c t r o l y t e  gene ra l ly  gave b e t t e r  p o t e n t i a l ,  a l though the  

conduc t iv i ty  and c u r r e n t s  were lower. A l l  t h e  equipment and test- 

i n g  procedures have been descr ibed previous ly  (1). 

- 

TREATMENT OF CATALYSTS 

These materials were inducted by washing wi th  petroleum e t h e r ,  

ace tone ,  methanol and water. They were s t o r e d  under water over- 

n i g h t  dur ing  which time gas bubbles were r e l e a s e d .  Af te r  dry ing ,  

s c r e e n  e l ec t rodes  were prepared as before  (1). 

m a t e r i a l s  gave high co r ros ion  c u r r e n t s  i n  a i l  e l e c t r o l y t e s  tested. 

Leaching the  e l ec t rodes  wi th  30% KOH removed r e s i d u a l  aluminum a f -  

t e r  which no co r ros ion  cu r ren t  i n  a l k a l i  was observed. 

A l l  of t he  Raney 

Three i r o n  samples (10 C ,  23 C ,  and 1 CN) which showed the  

h ighes t  c u r r e n t  d e n s i t i e s  f o r  carbon monoxide were crushed wi th  a 

s ix- ton p res s  and ground wi th  an aga te  mortar and pest le .  
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RESULTS 

Data obtained from voltammograms run  wi th  compatible c a t a l y s t -  

e l e c t r o l y t e  combinations a r e  shown i n  Tables  I through X V I .  Four 

of these  t e s t e d  ( 3 3  C ,  4 3  C ,  46 C ,  and 28 NC p lus  the  two i r o n  

materials 5 CN and 12  C),  however, d i s so lved  upon t h e  a d d i t i o n  of 

ammonia. Materials which d isso lved  i n  30% KOH, 2 NH2S04 and pH 3 

a c e t a t e  bu f fe r  are l i s t e d ,  wi th  t h e i r  s u r f a c e  areas,  i n  Table XVII. 

V o l t a m e t r i c  d a t a  of the n ine  i r o n  materials which d id  not  d i s -  

so lve  are given i n  Table X V I I I .  S ince  low s u r f a c e  areas were 

found f o r  a l l  i r o n  m a t e r i a l s ,  t h ree  were crushed and run aga in .  

A comparison of t hese  before  and a f t e r  c rush ing  is  shown i n  Table  

X I X .  

DISCUSSION 

Of these  twenty-two catalyst  samples  n ine teen  c a t a l y s t -  

e l e c t r o l y t e  combinations were compatible.  Eight  were s t a b l e  i n  

30% KOH, excluding those which d isso lved  upon a d d i t i o n  of t h e  

ammonia, one i n  2 N H,SO and ten  i n  pH 3 a c e t a t e  b u f f e r .  - - L 4  

C a t a l y s t  s u r f a c e  areas were much higher  f o r  t h i s  group than 

2 f o r  t he  i r o n  ma te r i a l s .  Values ranged from 2,700 cm /gm f o r  2 1  NC 

2 t o  11.7 m /gm f o r  29 C w i th  no apparent  c o r r e l a t i o n  between com- 

p o s i t i o n  and su r face .  

When ammonia was added t o  KOH t h e  four  materials wi th  the  

b e s t  u t i l i z a t i o n s  were found t o  d i s s o l v e .  The h ighes t  u t i l i z a t i o n  

of t he  remaining ma te r i a l s  was only about 1-1/2% t h a t  found f o r  

platinum wi th  ammonia. Sample 12 C which was r epor t ed  previously 
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(1) as the  most a c t i v e  i ron  ma te r i a l  and 5 CN were a l s o  found t o  

d i s s o l v e  when ammonia was added. 

B e t t e r  r e s u l t s  were obtained wi th  carbon monoxide. Ni t ro-  

ca rb ide  32 NC ( 3  Ni/lAg) and Raney a l l o y  RAL-10 (lNf/lCo/lAg) 

showed the  h ighes t  u t i l i z a t i o n s ,  about twice t h a t  of platinum 

b lack  when a l l  t h ree  were run i n  acetate b u f f e r .  However, the 

b e s t  exchange c u r r e n t  u t i l i z a t i o n  obta ined  so f a r  has been p l a t i n -  

um black  i n  2 - N H2S04. 

than  when a c e t a t e  was used. It was not  p o s s i b l e  t o  tes t  the  n i cke l -  

s i l v e r  materials i n  s u l f u r i c  ac id  s i n c e  a l l  t h e  n i c k e l  and c o b a l t  

materials except RN-2 r eac t ed  with t h i s  e l e c t r o l y t e .  

This  was approximately 40 times g r e a t e r  

Of the  i r o n  m a t e r i a l s  which had no t  been previous ly  t e s t e d  i n  

acetate b u f f e r ,  n ine  were found t o  be  s t a b l e  i n  t h i s  e l e c t r o l y t e .  

The ca rb ide  10 C e x h i b i t  an exchange c u r r e n t  dens i ty  of 369 pa/cm , 

higher  than  any o the r  material t e s t e d .  S ince  t h i s  c a t a l y s t  c o n s i s t -  

ed of l a r g e  p a r t i c l e s  wi th  a low s u r f a c e  area, i t  was assumed t h a t  

by decreas ing  t h e  p a r t i c l e  s i z e  i t  might be poss ib l e  t o  inc rease  

the  u t i l i z a t i o n  from one-fourth t h a t  of piat inum t o  a higher  value.  

The r e s u l t s  were only p a r t l y  success fu l ;  by c rushing  and g r ind ing  

t h e  s u r f a c e  w a s  increased  by a f a c t o r  of 500, b u t  the  exchange 

u t i l i z a t i o n  was only increased by 50%. 

a c a r b o n i t r i d e ,  1 CN were a l s o  crushed and r e t e s t e d  with similar 

r e s u l t s .  One poss ib l e  f a c t o r  is e l e c t r o d e  f looding  wi th  the  smal- 

l e r  par t ic le  s i z e .  

c a t a l y s t  r a t i o  o r  by adding c e r t a i n  i n e r t  materials. 

2 

Another ca rb ide ,  23 C and 

This may be a l l e v i a t e d  by changing the  PTFE- 
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CON C LUS I ON S 

None of the  n i c k e l  or  coba l t  materials appeared t o  be very good 

c a t a l y s t s  f o r  ammonia ox ida t ion ,  a l though some were t h r e e  times as 

good as the  i r o n  c a t a l y s t s .  For carbon monoxide two n icke l - s i lve r  

m a t e r i a l s  (RAL-10 and 32 NC)  looked promising and th ree  i r o n  mater- 

i a l s  (10 C ,  23  C and 1 NC) may be p o t e n t i a l l y  good c a t a l y s t s  w i t h  

increased  s u r f a c e  areas. Acetate  e l e c t r o l y t e  buf fered  a t  pH 3 gives  

b e t t e r  p o t e n t i a l s  and less cor ros ion  than 2 N H 2 S 0 4 ,  t h e  expense 

be ing  lower c u r r e n t s .  

- 

RECOMMENDAT IONS 

The f i v e  b e s t  ma te r i a l s  fo r  carbon monoxide ox ida t ion ,  RAL-10, 

3 2  N C ,  10 C ,  23 C ,  and 1 N C ,  should be s tud ied  f u r t h e r .  
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TABLE I 

RC-1 Raney Cobalt  

7 

Sur face  Area 

Fue 1 

E lec t r o  l y t  e 

5,300 cm 2 /gm 

co "3 

KOH Ace ta t e  

Limi t ing  Current 

@ Vol ts  0.68 0.31 1.20 

ma/gm 9.61 15.9 61.85 

1 . 8 2  3.00 11.67 W c m  
2 

Exchange C u r r e n t  

r. Vol ts  0.54 0.29 1.06 

ma/gm 1.35 0.60 1.13 

ua/cm 0.255 0.113 0.213 

T a f e l  Slope 0.12 0.05 0.12 
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TABLE I1 

RN-2 Raney Nickel 

Surface Area 

Fue 1 

E l e c t r o l y t e  

Limit ing Current 

@ Volts  

ma/gm 

w / c m  
2 

5,300 cm 2 / g m  

co 

H2S04 

"3 

KOH 

co 

Acetate 

0.67 0.42 1.18 0.54 1.14 

11 .7  7.42 38.9 5.30 12 .37  

2 .21  1.40 7.33 1.00 2.33 

Exchange Current 

G Volts  0.54 0.38 0.99 0.50 1.08 

=/gm 1.42 0.71 2 . 1 2  0.71 3.89 

0.269 0.133 0.40 0.133 0.734 
2 

I-ta/cm 

T a f e l  Slope 0.12 0.03 0.08 0.08 0.08 
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TABLE 111 

RAL - 6 Raney Alloy 3 Ni/ 1 Ag 

Surface  Area 

Fuel  

E lec tr o ly t e  

Limi t ing  Current 

P Volts 

Exchange Current 

e Volts 
ma/gm 

W c m  

T a f e l  Slope 

2 

2 
26,900 c m  /gm 

“3 

KOH 

0.68 

8.90 

0.331 

0.54 

1.78 

0.0225 

0.14 
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TABLE I V  

RAL - 8 Raney Alloy 1 Co/ 1 Ag 

Surface  Area 

Fuel  

E l e c t r o l y t e  

Limi t ing  Current 

F Vol ts  

ma/gm 

w / c m  
2 

Exchange Curren t  

@ Vol ts  

ma/gm 

W c m  

T a f e l  Slope 

2 

2 69,800 cm /gm 

"3 

KOH 

0.69 

9.61 

1.138 

0.54 

1.57 

0.0225 

0.13 
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TABLE V 

RAL - 9 Raney Alloy 3 Co/  1 Ag 

Surface Area 

Fue 1 

E l e c t r o l y t e  

Limit ing Current 

@ Volts  

ma/w 

w / c m  
2 

Exchange Current 

@ Vol ts  

ma/gm 

W c m  
2 

T a f e l  Slope 

"3 

KOH 

3,090 cm 2 /gm 

co 

Acetate  

0.67 0.46 0.85 

6.76 1.70 18.91 

2.19 0.55 6.11 

0.54 0.35 0.73 

1.07 0.354 4.24 

0.346 0.115 1.37 

0.13 0.15 0.16 
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TABLE V I  

RAL - 10 Raney Alloy 1 N i /  1 Co/ 1 Ag 

Surface  Area 

Fue 1 

E l e c  tr oly t e  

Limit ing Current 

@ Volts  

ma/@ 

ua/cm 
2 

Exchange Current  

c. Volts  

m a / @  

W c m  

T a f e l  Slope 

2 

2 6,200 cm /gm 

co "3 

KOH Aceta te  

0.70 0.44 

5.70 55.84 

0.920 9.01 

0.56 0 . 3 3  

0.712 30.04 

0.115 4.85 

0.07 0.40 

0.87 

169.6 

27.4 

0.58 

95.4 

15.4 

0.25 
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TABLE VI1 

RAL - 11 Raney Alloy 1 N i /  1 Co/ 1 Au 

Surface  Area 

Fue 1 

E l e c t r o l y t e  

Limi t ing  Current 

@ Vol ts  

mdgm 

pa/cm 2 

Exchange Curren t  

V o l t s  

ma/gm 

W c m  

T a f e l  Slope 

2 

2 9,700 c m  /gm 

co "3 

KOH Aceta te  

0.68 0.46 

8.20 81.6 

0.845 8.42 

0 .54  0.35 

1.28 16.9 

0.132 1.75 

0.14 0.14 

0.85 

91.9 

9.47 

# 

0.48 

25.4 

2.62 

0.70 
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27 C Carbide 3 N i l  1 Co 

Surface Area 

Fuel 

E l e c t r o l y t e  

Limit ing Current 

G Volts  

TABLE V I 1 1  

2 7,060 c m  /gm 

"3 

KOH 

Exchange Current 

@ Volts  

ma/@ 

W c m  

T a f e l  Slope 

2 

0.32 

40.6 

5.76 

0.26 

14.1 

2.00 

0.12 
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TABLE I X  

33 C Carbide Co 

Surface  Area 

Fuel  

E lec t r o  l y  t e  

Limit ing Current  

c Vol ts  

ma/gm 

pa/cm 
2 

Exchange Current 

G Vol ts  

ma/gm 

W c m  

T a f e l  Slope 

2 

2 4,920 e m  /gm 

NH3* 

KOH 

.0.27 

1,067. 

217. 

0.22 

106. 

21.6 

0.04 

* - Elec t rode  s o l u b l e  i n  t h e  presence of ammonia 



35 C Carbide N i  

Sur face  Area 

Fue 1 

E l e c t r o l y t e  

Limit ing Current  

f? Vol t s  

Exchange Current  

c. Vol ts  

T a f e l  Slope 

TABLE X 

2 
54,400 c m  / g m  

co 

Aceta te  

0.80 

45.2 

0.832 

0.48 

7.42 

0.136 

0.14 
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TABLE X I  

43 C Carbide 1 N i /  1 Ag 

Surface Area 

Fue 1 

E l e c t r o l y t e  

Limiting Current 

G. Volts  

ma/gm 

w / c m  
2 

2 13,650 cm /gm 

NH3* 

KOH 

co 

Acetate  

0.39 0.75 0.75 0.96 

212.  247. 54.8 113. 

15.5 18.1 4.01 8.28 

Exchange Current 

@ Volts  0.30 0.68 0.59 0.72 

ma/gm 42.4 60.1 13.4 20.5 

3.11 4.40 0.98 1.50 W c m  

T a f e l  Slope 0.12 0.08 0.18 0.27 

2 

* - Electrode s o l u b l e  i n  the  presence of ammonia 



4 6  C Carbide 3 N i /  1 Ag 

Surf  a c e  Area 

Fue 1 

E l e c t r o l y t e  

Limi t ing  Curren t  

G Vol ts  

ma/gm 

w / c m  
2 

Exchange Curren t  

? Volts 

ma/gm 

ua/cm 

T a f e l  Slope 

2 
4,050 cm /gm 

NH3* co 

KOH Acetate 

0 . 3 1  0 . 5 8  

3 3 6 .  57.2 

8 2 . 9  14.1 

0 .24  0.50 

4 2 . 4  6 . 3 6  

10.5 1.57 

0.08 0.07 

* - Elec t rode  s o l u b l e  in t h e  presence of ammonia 



TABLE XI11 

15 NC Ni t rocarb ide  3 N i /  1 Co 

Surface Area 

Fue 1 

E l e c t r o l y t e  

2 6,900 cm /gm 

co "3 

KOH Ace t a t  e 

Limiting Current 

(? Volts  0.36 0.68 0 .72  

ma/@ 6.36 9.90 18.0 

pa/cm 0.914 1.42 2.59 
2 

Exchange Current 

c. Volts  0.19 0.56 0.46 

ma/gm 3.53 3.53 3.00 

W c m  0.507 0.507 0.431 
2 

T a f e l  S lope  0.65 0.23 0.17 
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TABLE XIV 

23 NC Ni t rocarb ide  N i  

Sur face  Area 

Fue 1 

E lec t r o l y  t e  

Limit ing Current  

e Vol ts  

m a / @  
,. 

va/cmz 

Exchange Current 

(7 Vol ts  

-/gm 

W c m  

T a f e l  Slope 

2 

2 19,800 c m  /gm 

co 

Acetate 

0.75 

240. 

12.1 

0.46 

24.7 

1.25 

0.12 



TABLE XV 

28 NC Ni t rocarb ide  1 N i /  1 Co 

Surf  ace Area 

Fuel  

E l e c t r o l y t e  

Limit ing Current  

@ Volts  

ma/gm 

ga/cm 
2 

Exchange Current 

(2, Volts  

ma/gm 

W c m  

T a f e l  Slope 

2 

2 29,200 c m  /gm 

NH3* 

KOH 

0.33 0.40 

84.8 88.4 

2.90 3.03 

0.25 0.32 

16.6 28.3 

0.569 0.968 

0.10 0.13 

* - Elec t rode  s o l u b l e  i n  t h e  presence of ammonia 



2 2  

TABLE XVI 

32 NC Ni t rocarb ide  3 N i /  1 Ag 

Surface Area 

Fue 1 

Elec t r o l y  t e  

Limit ing Current 

c? Volts  

ma/gm 

W c m  
2 

Exchange Current 

@ Volts  

ma/gm 

W c m  

T a f e l  Slope 

2 

2 78,400 c m  / gm 

co 

Acetate  

0.68 0.87 

173.2 290. 

2 . 2 1  3.70 

0.51 

45.9 

0.586 

0.25 

0.67 

97.2 

1.24 

0.30 



29 C 

39 c 

42 C 

2 1  NC 

2 2  NC 

26 NC 

TABLE XVII 

Surface Areas of Corroding Materials 

Carbide 

Carbide 

117,000 cm 2 /gm 

20,200 c m  2 /gm 

1 Ni/3 Ag 

1 Co/l Ag 

10,400 crn 2 /gm 

36,300 cm 2 / g m  

Carbide 1 N i / l  Co 

N i  t r oca rb ide  co  2,700 cm /gm 

N i tr  ocarb ide  

Ni t rocarb ide  1 Co/l  Ag 45,500 cm /gm 

2 

3 Co/l Ag 

2 
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Mater ia l  

P t  

1 NC 

4 CN 

4 NC 

5 CN 

10 c 

1 2  c 

18 N 

21 N 

23 C 

TABLE X V I I I  

I ron  C a t a l y s t s  with CO i n  Acetate  E l e c t r o l y t e  @ 25012 

Limitinn Current 

Vol t S  

0.76 

0.55 
1.18 

0.76 
1.25 

0.65 
1.24 

1.20 

0.54 

0.80 
1.25 

1.13 

0.60 
1.24 

0.64 

- ma/gm - 
600. 

1.06 
6.36 

1.24 
5.48 

1 . 7 7  
4.95 

8.48 

110. 

1.06 
3.53 

9.37 

1.13 
5.30 

19.4 

pa/cmL 

3.48 

10.9 
65.2 

7.95 
35.1 

64.3 
179.  

156. 

3,291. 

32.2 
107. 

113. 

15.3 
71.6 

7 1 7 .  

Exchange Current  
0 

Vol tS 

0.21 

0.41 
0.98 

0.46 
1.05 

0.48 
1.04 

0.41 

0.31 

0.36 
1.06 

1.00 

0.32 
1.03 

0.36 

d g m  - 
47.6 

0.35 
1.13 

0.233 
0.813 

0.530 
0.848 

0.424 

12.4 

0.219 
0.565 

1 .77  

0.106 
1.13 

1.76 

0.284 

3.59 
11.6 

1.49 
5.21 

19.2 
30.7 

7.82 

369. 

6.66 
1 7 . 2  

21.4 

1.43 
15.3 

65.0 

0.31 

0.28 
0.18 

0.21 
0.14 

0.24 
0.18 

0.15 

0.14 

0.38 
0.14 

0.12 

0.10 
0.16 

0.09 
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TABLE X I X  

E f fec t  of Crushing on Some I ron  Ca ta lys t s  

Mater i a  1 10 c 23 C 1 CN 

Surface  Area (cm /gm) 33.5 14,680. 2 7 . 1  7,950 46.0 809. 2 

Fue 1 

E l e c t r o l y t e  

Limit ing Current  

r? Vol t s  

ma/gm 

ua/cm 
2 

Exchange Current  

@ Volts  

ma/gm 

ua/cm 

T a f e l  Slope 

2 

co co 

Acetate  

0.54 0.36 

110.3 60.7 

3,291. 4.14 

0.31 0.30 

12.4 18.7 

369. 1 . 2 7  

0.14 0.08 

co co co co 

2 N H2S04 - Aceta te  

0.64 0.56 1.13 1.10 

19.4 14.8 70.8 180. 

717 .  1.86 1.530. 223. 

0.36 0.40 0.50 0.63 

1.76 3.24 36.4 9.88 

65.0 0.407 790. 1 2 . 2  

0.09 0.20 2.20 0.18 
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Figure 3 
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